EMOVING the hazardous metals from wastewater especially industrial drainage is very important for preventing health problems in human beings, plants and animals. The ion exchanger has constructed as primary line of safeguards for that goal. In this study grafted polyamide-6 (PA-6) fibers with polymethacrylic acid (PMAA) was used as materials for the ion exchangers. Grafting was achieved under required time and temperature and the factors affecting the graft process were studied. The efficiency of the grafted fibers for adsorption of
Introduction
In order to remove the hazardous metals from wastewater especially industrial drainage, there are common methods used for that purpose such as air stripping reverse osmosis, flocculation, and sedimentation, soil flushing/washing chelating, chemical precipitation, reduction, and ion exchange. Ion exchange has constructed as primary line of safeguards and especially for those which cannot be removed by other methods. Consequently, the materials used for ion exchange are performing a great role in pollution prevention.
These materials include chemisorptions fibers and fabrics with a developed characteristics surface. Scientific researches discuss different methods for manufacturing of the ion-exchange materials such as creation of functional active groups in the fiber polymers via reactions in polymer chains [1] [2] , and grafting of fibers with inorganic and organic monomers with subsequent reactions in the grafted chains [3] [4] [5] [6] . The fibers could be used as material for different (DMAEMA [11] [12] [13] [14] . The reactive groups of these vinyl monomers pave the way for subsequent polymeranglous transformation in the grafted chains resulting in creation of new functional groups in the side chain of the copolymer which have been used for incorporation of sorptionactive groups in the fibers.
The most methods used for grafting the vinyl monomers onto PA fibers have limited usages because of low rate of grafting reaction and homopolymer formation. It is well known that the ion exchange capacity is one of the basic parameters for selecting the ion exchangers. Thus, the using preparation method for grafting should ensure that the grafting reaction will proceed with high rate and without homopolymer formation. It has been reported that, these requirements could be fulfilled only when PA fibers contain functional groups that are capable of forming a complex with the initiator on the fibers. Further decomposition of the obtained complex leads to the formation of free radicals on the fibers thus facilitating direct grafting with high rate and without homopolymer formation. It is well known that quaternary ammonium groups (QAG) can form complexes with peroxides. This was successfully used for grafting PA-6 fibers with different vinyl monomers [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] .
The preparation of ion-exchangers based on grafted PA-6 nonwoven fabrics is one of the new fields of application of PA-6 fibers. Optimal conditions for the preparation on laboratory scale are available. Adjustment and adaptation of these conditions to suit the production of these nonwoven fabrics on pilot scale is the main target of this work. Here, we represent the results of grafting PA-6 fibers containing antimicrobial substance (AS) with MAA using Cu 2+ -K 2 S 2 O 8 redox system and their application as ion exchanger for waste water treatment.
Experimental

Materials
• PA-6 used in this study was in the form of fibers (denier =14). kindly supplied by Masr Company, Elmehala, Egypt. The fibers were scoured at 80°C for 45 minutes, with solution containing 2g/l nonionic detergent, washed with water, squeezed and finally air dried.
• Methacrylic acid (MAA), potassium persulphate (K 2 S 2 O 8 ), and copper sulphate (CuSO 4 .5H 2 O) were all of pure grade chemicals
• Antimicrobial substance (AS) under trade name " katamine " was in the form of 50% aqueous solution (Russia).
Methods
Fixation of AS on PA-6 Fibers
The treatment of PA-6 fabrics with AS was carried out using a high temperature high pressure laboratory dyeing machine. Required amounts of AS solutions (pH=11) were placed in stainless-steel bowls, PA-6 samples were immersed in the solutions, and the sealed bowls were rotated in a closed bath containing ethylene glycol at the desired temperature (90°C). The material-to-liquor ratio (M: L) was 1:50. The bath temperature increased at rate of 2 o C/min. After the predetermined durations, the samples were removed from the bath, rinsed repeatedly with distilled water and allowed to dry in the open air.
Grafting of PA-6 Fibers with MAA
PA-6 fibers samples containing AS were treated with 2.0 % aqueous solution of (K 2 S 2 O 8 ) at room temperature. The samples were then removed, washed thoroughly with distilled water, squeezed and dried at room temperature. The samples retained some persulphate which was determined iodometrically. Pretreated samples were introduced into stopper Erlenmeyer flask containing water, MAA and copper sulfate. The flask was kept in water thermostat at prescribed temperature (90°C) and shaken occasionally during the reaction period. After an elapsed time, the reaction mixture was filtered and the residue was washed with water, dried in an oven at 105 o C for 2.0 h. The dried sample was then repeatedly soxhlet extracted with methanol to remove the homopolymer, dried again as previously indicated and weighed. The percentage of grafted polymer was calculated as follows:
Where: P is the dry weight of grafted sample, and P o is the dry weight of un-grafted sample.
Adsorption Procedure
Dried chemically modified PA-6 fiber grafted with PMAA samples (in salt form) (0.2g) were added in 100 ml Erlenmeyer including volumes 60 ml of each metal ion solution (80 ppm) adjusted to the desired pH. The content was shaken at 200 rpm for a predetermined period of time at 30 ᴼ C DEVELOPMENT OF PILOT SCALE SYSTEM FOR PRODUCTION OF POLYAMIDE-6 ... using horizontal shaking water bath. At the end of the experiment the samples were filter and the ion concentration of the filtrate was analyzed with an atomic adsorption spectrophotometer.
The adsorption amount was calculated as follow: the degree of extraction (R, %) and sorption capacity (SC, mg/g) were calculated with the following equations:
Where: C ᴼ is the initial concentration of the investigated metal ion in the solution, mg/liter; C i is the concentration of investigated metal ion solution, mg/liter; V is the volume of solution, (l); m is the mass of the sorbent, g.
Results and Discussion
Grafting PA-6 Fibers with MAA
The graft copolymerization of MAA onto PA-6 fibers containing AS in the presence of K 2 S 2 O 2 -Cu 2+ as redox initiating system was carried out on laboratory scale. The factors that affect the graft add-on were investigated. The optimum conditions for grafting of PA-6 fibers were discovered
The effect of different reaction conditions on the graft yield Effect of cupric ion concentration
The effect of CuSO 4 .5H 2 O concentrations on the extent and rate of grafting was investigated. The data of Tables 1 and 2 revealed that the, grafting reaction can proceed either in presence or the absence of Cu 2+ in the reaction medium. But in this case the graft yield did not exceed 11.5 % after carrying reaction for 60 min. at 90°C. The addition of Cu 2+ in the reaction medium gives rise to an outstanding increase in both the graft yield and grafting rate (R p ). This increase depends on the Cu 2+ concentration. It was found that the maximum graft yield (55%) on Nylon-6 fibers is obtained at a concentration of 1.25×10 -3 mol/l of CuSO 4 .5H 2 O. Thereafter, the graft yield decreases as the Cu 2+ ions concentration increases.
Kinetic investigation (Table 3 , Fig. 1 ) of the dependence of the rate of grafting (R p ) of MAA on PA-6 fibers containing AS revealed that, R p is proportional to 0.45 power of Cu
2+
.
Effect of MAA concentration
The effect of MAA concentrations on the extent and rate of grafting was investigated (Tables 4-5 ). The monomer concentration was in the range from 0.17 mol/l -2.32 mol/l. It was clear from the data that, the maximum extent (55.0%) and rate of grafting (3.45×10 -5 mol.l -1 . sec -1 ) are attaining at 5.8x0 -1 mol/l concentration of MAA. Further increase in MAA concentration is accompanied with a decrease in the grafting extent. Kinetic investigation presented in Table 6 and Fig. 2 appeared that, the rate of grafting (R p ) is proportional to 0.89 power of [MAA] .
Effect of Temperature
The effect of temperature on the extent and rate of grafting of MAA on PA-6 fibers, containing AS was investigated. It is clear from Tables 7-8 that, both the extent and Rp increase as the reaction temperature increases from 75°C to 90°C. Based on data presented in Table 8 and in Fig. 3 , the apparent activation energy of MAA grafting onto PA-6 fibers containing AS was calculated and was found to be 102.0 K J mol -1 .
Effect of K 2 S 2 O 8 Concentration
The effect of reaction time on the extent and rate of grafting onto PA-6 fibers containing AS over a range of 1.02 x 10 -4 to 2.20 x 10 -4 mol/l K 2 S 2 O 8 was investigated. It was found that, the graft add-on and rate of grafting (R p ) increase with the increase of K 2 S 2 O 8 concentration and the reaction time (Tables 9-10 ). The maximum extent of grafting was obtained at 2.20x 10 -4 mol/l K 2 S 2 O 8 in the reaction medium after 60 minutes.
Kinetic investigation (Fig. 4) Pilot scale production of PA-6 fibers grafted with PMAA The above mentioned investigations open the way to select the technically feasible option for the production of the grafted PA-6 fibers with vinyl monomers on pilot scale.
It should be stated that, the grafted PA-6 fibers will be converted to nonwoven ion-exchange fabrics. Therefore, its fiber ability should be preserved. This can be obtained by controlling the percentages of grafted polymer on the surface of fibers. The latter can be achieved by the variation of the weights of both of monomer and fibers in the reaction medium. Table 11 illustrates, for example, the effect of the relation between the weight of MAA and the weight of fibers on the amount of grafted PMAA on the PA-6 fibers.
Based on the data listed in Table 11 one can conclude that, the optimum ratio between the weight of the monomer to the fibers weight which can preserve the fiber ability is ranging from 0.5:1 to 0.75:1. The production of grafted PA-6 fibers with PMAA on pilot scale consists of scouring, treatment with AS, treatment with K 2 S 2 O 8 water solution, and finally grafting with MAA.
Scouring, treatment with AS, and treatment with persulphate solution on pilot scale were carried out in Misr El Beida company in Kafr El Dawar, Egypt. English tops machine Shell-Y42 working under pressure at maximum temperature 100°C, volume 1000 liters and load 100 kg was used for carrying out the above mentioned technological processes under its optimal conditions. Grafting the scoured, treated with AS and (K 2 S 2 O 8 ) water solutions PA-6 fibers was carried out in the pilot plant of Textile Research Division in the National Research Centre in Dokki, Giza, Egypt. Pilot reactor working under pressure at maximum temperature 100°C, volume 50 liters and load 5.0 kg was used for carrying out grafting reaction under its optimal conditions.
Sorption Properties of PA-6 Fibers Grafted with
PMAA
The sorption properties of PA-6fibers containing AS and grafted with PMAA and the factors affecting the sorption of several metal ions (Cu 2+ , Pb 2+, and Cr 6+) were studied. A grafted PA-6 fiber was initially prepared by polymer-analogous transformation under the action of aqueous sodium hydroxide. This treatment enhances the adsorption availability. When such sorbents are in contact with the abovementioned transition metal ions adsorption occurred with high efficiency. The adsorption mechanism of those metals ions onto the modified adsorbent could be explained by the displacement of Na + ions by Cu and Cr 6+ to preferentially bind with grafted fibers. Dried samples of PA-6 fibers (0.2g) containing AS and grafted with PMAA and treated with sodium hydroxide solution (0.1M) for definite time and washed thoroughly with water thereafter were added into 100 cm 3 flasks containing 60 cm 3 of each metal ion solutions having constant concentration and adjusted to desired pH. The solution was stirred under desired temperature for the desired duration. Then the solution was filtered and the ion concentration of the filtrates was analyzed. Finally, the degree of extraction (R, %) and sorption capacity (SC, mg/g) were calculated. The effect of adsorption conditions on both (R %) and SC (mg/g) of studied metal ions with reactive PA-6 fibers was investigated (Table 12,13).
Effect of adsorption time
Data of Table 12 represent the effect of adsorption time on the degree of extraction R % and sorption capacity of PMAA grafted nylon fiber in salt form. It was found that at short time (10 minutes) there was a significant increase in R % and SC, mg/g (78. 3, 47.8, 15.5) . Table 12 showed the effect of initial concentrations of the metal ion on R % and SC respectively. It was found that the adsorption of metal ions increased with increasing initial ion concentration, then reached a plateau value at higher concentration. This may be attributed to the saturation of the reactive sites available for the adsorption of the metal ions.
Effect of initial ion concentration
Effect of Temperature
The effect of temperature on the adsorption of metal ions onto salt form of grafted PA-6 fibers was studied within the range 30-80°C. The results are shown in Table 12 . It was noticed that increasing the temperature from 30-80°C increased the adsorption amount of metals ions which could be attributed to increasing of the swelling degree of reactive fibers. The percentage of swelling increases as the temperature increase due to increasing the flexibility of the grafted fibers chains. The degree of extraction and the sorption capacity of both Cu +2 and pb +2 ions increases, whereas a little effect on the adsorption of Cr +6 ions was noticed.
Effect of the pH
Data present in Table 13 clarify the effect of pH on the adsorption of metal ions R% and SC, mg/g values. It was noticed that, both R% and SC values decrease with decreasing pH values. This can be attributed to the increasing of H + ions at the surface of fibers which repel the metal ions [32] . The net result is directed to decrease R % and SC values. The data listed in Table 13 also pointed to the increase of pH values lead to increase R % and SC values. 
Conclusion
Grafting of MAA, with high rate, and without homopolymer formation, on PA-6 fibers for ion exchange application was carried. Factors affecting the amount of PMAA has been investigated. The optimum conditions for grafting reaction on laboratory scale were adjusted and adapted to suit the production of grafted PA-6 fibers on pilot scale. Assessment the application of the produced fibers as ion-exchanger was evaluated for adsorption of heavy metals. The grafted fibers showed high efficiency for adsorption of Cu . The effect of adsorption parameters such as pH, duration, initial ion concentration and the adsorption temperature on the degree of extraction (R %) and adsorption capacity (SC, mg/g) was calculated. The results revealed that, the adsorption of these selected metals in the following order:
